ABSTRACT OBJECTIVE: Low pregnancy-associated plasma protein A (PAPP-A) level is associated with adverse perinatal outcomes. The purpose of this study was to evaluate relationship between umbilical cord diameter (UCD), umbilical vein and artery diameters (UVD, UAD), placental thickness, and PAPP-A level at gestational age of between 11 and 14 weeks. RESULTS: Narrow UCD (<4.5±0.6 mm) was associated with low PAPP-A level (p=0.02). There was no significant difference in UVD, UAD, or placental thickness between groups. There was no significant difference in gestational age, CRL, or NT between groups. Fetal birth weight was significantly lower in Group 1 (p=0.03).
T he umbilical cord is a bridge organ between mother and fetus, and can be easily measured in the first trimester with improvements made to ultrasound probes used in imaging. Although we dispose of the umbilical cord at birth, it plays a unique role in fetal-placental unit.
There are 2 arteries and single vein in the Warton' s jelly of standard umbilical cord [1] . Morphology of umbilical cord structure alters in presence of various pathological conditions, such as hypertensive disorders [2] , gestational diabetes [3] , fetal distress [4] , and growth restriction [5] . Moreover, umbilical cords with single artery [6] , lean cords [4] , and short cords [7] have been reported in cases with chromosomal defects and genetic syndromes. However, sonographic size of the umbilical cord in first trimester during routine prenatal sonographic scan receives little attention.
Pregnancy-associated plasma protein A (PAPP-A), which is encoded by the PAPPA gene in humans, is a protein. Low plasma level of PAPP-A has been recommended as biochemical marker for pregnancy with aneuploid fetus [8] . Moreover, low level has been observed in situations such as intrauterine growth restriction (IUGR) [9] , preeclampsia [10] , placental abruption, premature birth, fetus that is small for gestational age (SGA), and fetal death [11] .
The aim of this study was to evaluate relationship between umbilical cord thickness, umbilical vein and artery diameter, placental thickness, and PAPP-A level at gestational age of between 11 and 14 weeks.
MATERIALS AND METHODS
This prospective study was conducted at Kayseri Education and Research Hospital, a tertiary teaching hospital in Kayseri, Turkey. Ethics approval for the study was obtained from Erciyes University Hospital (protocol number: 2014/290).
Total of 246 consecutive women with singleton pregnancy who presented spontaneously for combined first trimester screening between April and December 2014 were included in the study. Patients with multiple pregnancy or pregnancy with structural fetal anomaly were excluded. The present study was conducted according to the recommendations of the Declaration of Helsinki on Biomedical Research Involving Human Subjects. Written informed consent was obtained from all patients.
Umbilical cord diameter (UCD), umbilical vein and artery diameters (UVD, UAD), and placental thickness were assessed during detailed ultrasound examination at between 11 and 14 weeks of gestation, as well as nuchal translucency (NT) and crown-rump length (CRL) measurements. All ultrasound examinations were carried out with Xario device (Toshiba Medical Systems Corp., Otawarashi, Tochigi, Japan) equipped with 2.8-7 MHz transducer. Scans were performed transabdominally by a single radiologist (S.T.).
Maternal age, gravida, parity, and gestational age were recorded. Gestational age was calculated from first day of last period and confirmed ultrasonographically at first trimester scan. Data of gestational age and fetal birth weight after delivery were also recorded.
During ultrasound examination, a free loop of umbilical cord was identified and magnified to obtain an appropriate image for measurement. UCD was measured from outer edge to outer edge. Diameter of UVD was measured at widest distance between opposing walls of the vein (Figure 1) .
Calipers for measurement were placed on echogenic boundary of the vessel from inner edge to in- ner edge. Largest sections of all vessels (UV and both arteries) were evaluated. Average of both vessels was calculated for UAD. Thickest part of the placenta was used for placental thickness measurement, as shown in Figure 2 .
Fetal CRL and NT were measured in all women according to recommendations of the Fetal Medicine Foundation [12] .
PAPP-A measurement was conducted using UniCel Dxl 800 Access immunoassay system analyzer (Beckman Coulter, Inc., Brea, CA, USA), which is used for routine first trimester prenatal screening program. PAPP-A values were converted to gestation-specific multiple of medians (MoM), using Prisca software program (Siemens Healthcare Diagnostics, Erlangen, Germany).
Patients were divided into 2 groups according to PAPP-A value. Those below 10 th percentile in MoM of PAPP-A were classified as Group 1, and those above 10 th percentile were classified as Group 2. All analyses were performed using PASW Statistics for Windows, Version 18.0 (SPSS, Inc., Chicago, IL, USA). Quantitative variables were expressed as mean value±SD for parametric variables and median and minimum-maximum levels for nonparametric variables. Continuous variables were analyzed for normal distribution using Kolmogorov-Smirnov test. A 2-tailed p< 0.05 was considered significant. Differences in continuous variables between 2 groups were determined by Student' s t-test or Mann-Whitney U test. Logistic regression analysis using the enter method was performed for multivariate analysis of independent predictors. Significant parameters (p<0.05) were entered into multivariate analysis.
RESULTS
Total of 246 umbilical cords of healthy pregnancies were evaluated in the study. Scans of umbilical cord vessels and placental thickness were successfully examined in all cases.
There were 23 patients in Group 1, defined as below the 10 th percentile in MoM of PAPP-A (<0.44MoM) and 223 patients in Group 2, above the 10 th percentile in MoM of PAPP-A (>0.44 MoM). Characteristics of the patients by group and measurement of CRL, NT, and fetal weight are presented in Table 1 .
Maternal age, gravida, and parity were significantly higher in Group 1 (PAPP-A <0.44MoM) compared with Group 2. Mean maternal age was 29±6.2 in Group 1 and 26±5.7 in Group 2. There was no significant difference in gestational age, gestational Values for diameter of umbilical cords, vessels, and placental thickness are provided in Table 2 . There was no difference in UVD, UAD, or placental thickness between groups. UCD was significantly greater in Group 2.
Significant parameters of univariate analysis (p<0.05) were entered into multivariate analysis (age, gravida, parity, fetal birth weight, UCD). UCD was found to be an independent predictor of low PAPP-A level (odds ratio [OR], 2.638; 95% confidence interval [CI], 1.140-6.103; p=0.023), together with fetal birth weight (OR, 1.001; 95% CI, 1.000-1.002; p=0.031) ( Table 3) .
DISCUSSION
Major finding of our study was that there is relationship between diameter of umbilical cord and PAPP-A, one of the first trimester biochemical markers. Low PAPP-A level in first trimester appeared to be associated with narrow UCD (<4.5±0.6 mm). UCD or umbilical cord morphology evaluation is not routine scan during first trimester ultrasound. In a recent study it was reported that UCD in first trimester was related to growth of the embryo, and may be used as ultrasonographic measurement to detect risks to fetus, such as spontaneous abortion or preeclampsia [2] . Furthermore, Ghezzi et al. indicated that more than half of cases with fetal demise that occurred early in second trimester had thinner umbilical cord (diameter <2 SD) compared with UCD scan in first trimester [2] .
We know that low PAPP-A level is associated with poor perinatal outcomes, including fetus that is SGA, preterm delivery, hypertensive disorders of pregnancy, and stillbirth [13] . In a recent study, Wells et al. concluded that PAPP-A can be used as new biomarker for maternal diabetes [14] . They also reported that markedly decreased PAPP-A level was associated with severe gestational diabetes. Therefore, it may predict risk of gestational diabetes [14] .
The questions is, what is the cause of low PAPP-A level and adverse perinatal outcome? Abnormal placentation has been suspected in recent studies [15, 16] . Actually, they suggested that women who had low PAPP-A level in first trimester with normal first trimester aneuploidy screening results should be screened routinely for risk factors related to abnormal placentation. Avsar et al. evaluated relationship between first trimester PAPP-A level and intrapartum fetal distress results. They revealed that PAPP-A level was lower (<0.5 MoM) in cases with intrapartum fetal distress [17] . Additionally, in another study, patients who had cord insertion on the lower segment of the uterus had lower maternal serum PAPP-A level [18] . In our study, narrower UCD (<4.5±0.6 mm) was associated with low PAPP-A level (<0.44MoM) in aneuploidy screening results of first trimester. We have also reported that there was no relationship between low PAPP-A level (<0.44MoM) and UVD, UAD, or placental thickness. This is the first study to evaluate association between UVD, UAD, placental thickness, and PAPP-A. We think that changing role of Wharton' s jelly, which increases as gestation advances, may explain insignificant relationship between low PAPP-A level and UVD, UAD, and placental thickness. Umbilical cord is part of fetal metabolism and it has been suggested that thickness of umbilical cord may be related to mechanism of fetal nutrition [19] . Both thick and thin umbilical cords might be dependent on quantity of Warton' s jelly and/or changing size of umbilical cord vessels in cross-sectional area [20] . Further larger studies are needed to explain probable relationship between umbilical cord, morphology of Warton' s jelly, and fetal outcome in early pregnancy. In our study, low PAPP-A value in first trimester combined test in low-risk healthy pregnancy was associated with lower fetal birth weight at term. Studies in the literature report relationship between low PAPP-A level and SGA infant. It has been demonstrated that there was statistically significant relationship between PAPP-A level below fifth percentile or less than 0.4 MoM and SGA or IUGR [9, 21] . Abnormal placentation may be behind low level of PAPP-A and adverse outcomes. Larger studies should be helpful to bring focus to pathogenesis. On the other hand, in another study, Saruhan et al. found that PAPP-A level below 10 th percentile was not significantly associated with SGA [22] . Current consensus on association between PAPP-A level below 10 th percentile and SGA remains mixed. Our data indicated that as maternal age and gravida increase, frequency of low PAPP-A level (<0.44MoM) increases in low-risk, healthy pregnancies in first trimester scan. It might be explained by placental damage, which can be greater with advanced maternal age and complex obstetric history.
There are several limitations to our study. Our study protocol did not include longitudinal followup cord anatomy through gestation in second or third trimester. We did not have a high-risk, first trimester pregnancy group; therefore, we could not perform measurement of diameter of umbilical cord and vessels in high-risk group. Major limitation of our study was relatively small patient population. Studies involving larger number of participants should be conducted to verify and further advance our findings. Also, we could not include pregnancy outcome (e.g., diabetes, preeclamsia, or growth retardation) other than fetal birth weight.
In conclusion, our data revealed that UCD was independent predictor of low PAPP-A level. Although there is debate about cut-off of low PAPP-A level (under 10 th or 5 th percentile), it would seem to be worthwhile to pay attention to low PAPP-A level. We suggest closer attention be paid to performing umbilical cord measurements in first trimester scan. Larger prospective studies need to be performed to further investigation of UCD and cord vessel evaluations in first trimester of gestation. There are many questions that remain to be solved about potential role of umbilical cord morphology in fetal outcome.
